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Evaluating decision rules for dryland rotation crop selection
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No-till drylantl winter wheat (Tritlcum oesrivurn Lpfallow systems in the central Great Plains have more
water available for crop production than the traditional conventionally tilled winter wheat-fallow sys
tetns because of greater precipitation storage efficiency, That additional water is used most efflcierttly

v respo Gpo i•ttve•l•yto ncrea•ses••i••n•available’
soil water,, The objective of this study was to evaiuateyield, water use efficiency(WUE), precipitation use
efficie-ncy (POE), ansd net returns of cropping systems where crop choic.e was based ott established crop
responses to water use while incorporating a grass/broadleaf rotation, Available soil water at planting
was measured at several decision points each year and combined with three levels of ext ected growing
seasons preci’pitation (70, 100, 130% of average) to provide inputdata for water use/yield, production func
tions fdr seven grain crops and three forage cn’ops, The predicted yields from those production functions
were compared againsst established yield tlsreshoids for each crop, and crops uvere retained for further
considen’ation if the threshold yield was exceeded, Crop choice was then narrowed by following a rule
which rotated summer crops (crops planted in the spring w th most of their growth occurt’ing during
summer months) with winter crops/crops planted in the fall with most of their growth occurring during
the next spring) and also rotating grasses with broadleaf crops, Yields, WOE, PUE, value-basis precip
itation use efficiency (SPUE)’, gross receipts, and nset returns from the four opportunity cropping (00).
selection schemes were conspared with the same quantities from four set rotations [wheat-fallow (con
ventional till), (WE (Cr9; wheat-fallow (no-till), (WE (NT)); wheat—corn (Tea mays L.)-fallow (no-till.).,
(WOE); wheat—millet (Ponicum otilioceum L) (no-till), (WM)J, Water nnse efficiency vsas greater for three
of the 00 selection schenses than for any of the four set rotations. Pn’ecipitation was used more efficiently
usinsg tsvo of the 00 selection schemes than using a.ny of the four set rotations. Of the four 00 cropping
decision methods, nset returns” sv’ere greatest for the method that assumed average growing season pre
cipitaticnn and allowed selection from all possiblecrop choices.The n.et returns from this system vjere nsot
dilfdrent from nset returns from WI: (Cl’) and WE (NT). Cropping frequency can be effectively increased, its
dryland cropping systems bvy u.se of c”t’op selectiott rsnles based on cvater use/yield production functions,
measured available toil water, and expected precipitation.

Doiland cropping systems in the Great Plains an’e subiect fo
wide varations in productivity and profitability (Dfluyve:tfer et al.,
199$). due to the highly variable nature of the limited precipItation
across’ t.he region (Nielsenetal., 201 0),The t.radifional wheat-fallow
production system of tlse region was develooed in the 1930s as
a strategy to minimize int;idetsce of cr0-p failures resultitsg ffoiss

Abhreviutions: 00, opportunity croppins-; Put, preripiration use effi: /ency;
SPUR, ‘caine-basis precipitari.on use elfiriency; wul,, mater snse efficiency; WF
lOt), wheat-fallow /connvennti.snal till).; WF (N’T’), wheat-tallow (no till); WCF (NT),
wheat—corn-faliov.’;’no till)’; W’M (NT), wheat-nsillet 1,00 till).
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erratic precipitation (Hiisze arsd Snsika, ‘1983), The use of herbi
cides for weed control in this system reduced or elinsinated tillage,
ansd led to greater precipitation storage efficiencies (Parislsan.i etai..,
‘191%”; NiVlseis et al., 20(75; Nielsens aisd Vigil, 2009), s.uch that
more frequent. crot. ping c’ould occtnr (H.aiso’rson ar1% Reule, 1994;
Pefersots e:t al., 1993; Anderson et al., 1999; Norwocid ef al., 1990;
Stnika, 1990)., Its particular, both Farahani c’t a.l. (1998) an.d Nielsen’:,
and V’igil (2009) pointed out the extremely inefficient precipita
tion st-orage that ticcurred di. ring the second sunimer fallow period
(.May through September) during the lastS roonths of the I 4-tssonth
tallow period of the wheat-fallow system.. In many instances prw
cipitati-on storage efficiency d.uring these hot and windy months
whi.ch can have many days and sorisetimes weeks between prw
cipitatiorn events was negative, indicating evaporative loss of all
of the precipitation ocCurring during those 5. months plus evapo
rative loss of some soil water stored earlier in the fallow pen’iod,



Tabie 2
orri use edp di ,,r iou I or S di or ii oH ovid rr’pv mg ii cr011 c 11 r kilo rd r s i dv ci Hoc 0

p do d mm r Sm u, mod m p ( m mm

10,1 i’m .t p 1 p 01 ,11( 01 01

Ph ,‘o

I r ) Ii I mml’ 5 mm 01
V’Imtrm’,h ml “

I vi’ 1mm 1 im’

5) 1 ‘1
.rr , I ii 55)t)

w, m mel, 10 tIm)

mb II Tm 11(1

1mm 11 0 O fri rm ms

1 11mm f miT mm I ,01m mm 7
F, e /1 1 0 mm sm mmtOm

2. Materials and methods

This study was conducted at the USDA G.entrai Grwh Plains
Research Station, 6,4km east of Akron, Co (400091 N, 103h1091 W,
i384..tn), The soil, type w .s a Weld silt loan (.fine, s.me.ctitic mesic
Acidic Argiustoll), Avetage annual precipitation at this location is
417mm, In 1990, several rotations were est.abhshed to investh
gate the possibility of cropping more frepuently than every other
year, as done with the traditional winter wheaDfallow system,
A description of the plot area, tillage systems, and experimental
design are given in Bowman and Halvorson (1997) and Anderson
Pt al, (1999). Briefly, rotation treatments were established in a ran
domized complete block design with three replications. All phases
of each rotation were present every year. Individual plot size was

9:1 m by 30.5 m, with eastwest row direction. The current study
analyzes data from the 2001 through 2005 time period. Crop yarD
eties and planting, harvesting, and fertilizing dates and rates are
.given in ‘table I. Nitrogen fertilizer rates varied slightly fromyear to
year as those rates were based on typical application rates for dry
land production in this region, adjusted occasionally for expected
residual N amounts. Seed yield sample size was generally between
35 and 42m2, and biomass (seed and forage) sample size was
between 2.9 and 3.8 in2. Grain and dry m.atter yields are reported
with the moisture contents shown in Table 2.

Pour DC systems were evaluated, with the decision to plant a
crop based on predicted yield exceeding an established threshold
(Table 3) which was established in consultation with local prrv
ducers. ‘I’he predicted yield was calculated using a spreadsheet
yield calculator (available at http;//www,ars.usda,gcrv/Sc’rvic.es/
docs,htm?docidki 92:06, verified 4/1/2010). which employed water
u e1sreld p od iction f mnctlorms i hmc x estaom hen at APr01 CO

Water use was assumed to be the sum of measured available sod
water just prior to planting and expected growing season pre.
cipitation, where expected growing season precipitation i’anged
from 70% of average to 130% of ave.rage (‘l’ahle 3). ‘l’he DCI syw
tem was considered to be a conservative system, where only 7 0%:
of average growing season precipitati.on was expected, and only the
traditional dryland crops of winter wheat, corn, proso millet, and
foxtail millet for forage were allowed as crop choices. The other
th’rdd OC sstdhit ShoWed fdr 311 dostibld crop chOidOt that we had
established prodtiction functions fOr. but expec:ted growing season
precipitation was 100% (0C2), 70% (0C3), or 130% (0C4) of average.

Soil water was measured to a depth of 1.65 m irl 0.3tym intew
vals using a neutron probe forall depths except the0.00.3m layer.
Soil water in this surface layer was determined using timwdomain
refiectometry with 0.3 m waveguides installed vertically to average
the water content over the entire layer. The neutron probe was cahi
brated against gravimetric soil watersamples taken in the plot area.
Gravimetric soil water was converted to volumetric water by m.uD
tiphying by the soil bulk density for each depth. Two measurement
sites were located near the center of each plot and data from the
two sites were averaged to give one reading of soil water content
for each plot. Available water per plot was calculated as

(Volumetric water lower limit) x layer thickness

where volumetric waterm3waterm1soil from. neutron probe
or timwdomain reflectometry measurements, lower limit= lowest
volumetric water observed under these crops in the plot area
(Rit.chie, 1981; Ratli.lT et al., 1983), and layer thickness 0.3 m.
The lower limits used to calculate available water are given in
Table 4. Available water for each plot was calculated as the sum
of available water fi’om all six m,easurement depths. The soil water
measurements were made at several decisio-n points during the
year (midSeptember for winter wheat and forage triticale deeD
sion; end of March for canola, pea, and forage pea decision; end

Oppom’rmmoity cropping svstemmm. tsdm’oated water’ toe mmmmmmd to calm:slate crop Available cm’op choices1’
chomce yield

ocT Me.’asmmre.tl a citable soil waters’7t1% of average wheat, cm.:mro. om’oso mmmillet,, foxtail moillet
g’o.mwirsg seasomm precipitarioo

oc:2 Measm.mced available dvi seaters 100% of wheat, corn, p0)50 moiliet. fomc(a,il millet,
average growing seasomm pm’eciitatioo vmmollower, .sovbeao, caooia, pea, fc-m’age pea,

forage trmocale
oc:3 Measured’ available soil water * 7(1;; of average wheat. corn, proso millet. ldmxlail moiliet..

growirmg season lrrecipitahoml sunflower. soybean, canola, pea, forage pea.
Ibrage trilicale

0(00 Meastmred available soil waler * 130% of wheat, c,orrm. proso mill.er,, lbs.cail millet,
average growing season precipiratiorm sumsfiower, soybean, cammola, pea, fo.rage pea,

forage triricale

I Yield mhreshoids ommeded tmmdetermoine cropselection ip,opporrm.mniry cro.ppimmg systemo: wheat ‘l.hSg he ha” 3 corn (3763 kg ira ) proso millet (2016kg ha ‘
), foxtail mmmillet

5 f mmetm I 0(v er 17 Pg I m c 0(sn )) 2km. ta is iamm Omaha ‘ p a ‘mOd ,, tm m e pm 41 ht ha fo rho mm mc 1 42H Fghs
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Fig. 2. Comparison of expected crop yield (generated prior ro growing mason from
water ttse/vteld production fnnc.ti on) and measured yields for four opportunity
cropping (OC) systems (defined inTaisie

found in the current study. et ai. (2003) also car tinned that
differentconciusions regarding profitable dryland corn populations
for westens Nebraska could be drawn depending on whether stucO
ies were conducted during the relatively wetter 15905 period vs.
the drier early 2000s,

The 0C4 decision rules could be considered a nonviable crop
selection strategy as evaluated by any one of the measures shown
in Fig. 1 The assumption of 130% of average growing season preciry
itation was not met even once in the 5 years. of the study, Ihe year
that came closest to meeting that assumption was 2004 when the
miller growing season precipitation was 116% of average. Clearly,
basing a cropping decision on a continuing optimistic prediction
of abovwaverage growing season rainfall is not wise in this scioN
arid climate where annual precipitation records indicate rainfall
amounts fluctuating widely about the mean on a nearly annual
basis (Nielsen and Vigil, 2009). On the other hand, the 0C2 straN
egy that based crop choice on available soil water at planting and
a prediction of average growing season rainfall resulted in contin
uous cropping (although rio crop aas produced in 2002 because
of severe drought) producing a cropping sequence that was highly
efficient in terms of water and precipitatiOn use, more profitable
than WM and •WcF and equal in profitability to 9W (CT) and WF
(NT)-,

Surprisingly, none of the four OC systems resulted in measured
yields greater than the expec.ted yields generated by the produc
tion tttnctions combined with the measured available soii water
and expected precipitation (,Fig. 2). in fact, most of the measured
yields were far below the expected yields, in only three instances
(two for OCI and one for 0C2) did measured yield fail withitt 20%
of expected yield. ‘this result of always obtaining measured yields
lower than expected yields was not expected becau.se measured
growing season precipitation was above expected growing seas-on
precipitation in 3 years forOCi 2.years forOC2, and 4 years fi’rOC3,
This lack o-f ever achie.ving a measured yield greater than. expected
may indicate that (1)the prodttction functions need to he refined
or (2) water stress during c.ritical stages of developrrent are more
detrimental to yield than can be accounted for by this simple yield
prediction system or (3) all of the available soil water measured
at the decision po.ints is not really ultim.areiy available to the crop
during the growing season and different lower limits of water avaib
ability will need to be established, To recent analyses of dryland
corn yield sensitivity to water d.eficits during pollination and grain

filling explain why the measured cortt yields may be lower than
expected (Nit.dsen et ai,, 2009, 2010),
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